Abstract-Heterogeneous networks (HetNets) are considered a promising cellular network architecture to provide services to the massive number of subscribers. However, in heterogeneous networks, as cell size becomes smaller, the number of handovers and handover failure increase significantly. Therefore, mobility management becomes an important issue in HetNets. In this research, we analyzed the handover parameters, and proposed a novel handover method for heterogeneous cellular networks to minimize the number of handovers and handover failure. In the proposed method, we considered dual connectivity with control and data plane split and Coordinated Multipoint (CoMP) transmission to optimize the handover parameters. The reduction of handover improves the network performance and the handover failure reduction improves the user experience. The simulation results show that the proposed handover process significantly reduces the number of handovers in heterogeneous cellular networks.
I. INTRODUCTION
In recent years, the demand of data traffic and the number of subscribers in cellular networks is increasing rapidly. The number of mobile broadband subscriptions is growing globally by around 25% each year, and it is predicted to reach 7.7 billion by 2021 [1] . More than 50 billion wireless devices are predicted to be connected to the cellular networks by 2020 and network's data traffic is expected to reach 351 Exabyte by 2025 [2, 3, 4] . Moreover, 5G networks are expected to provide approximately a system capacity 1000 times higher, 10 times the data rates, 25 times the average cell throughput and 5 times reduced latency when compared to the 4G networks [5, 3, 6] . Therefore, to achieve the goals of next generation cellular networks it is essential to improve the capacity of mobile networks by overcoming the existing challenges.
In this context, network densification or heterogeneous networks (HetNets) are considered as an effective method to improve the capacity of cellular networks [7, 8, 6] . HetNets consist of coexisting macro-cells and low-power nodes for small cells such as Pico-cells and Femtocells. As the size of cells decreases, the number of cells will increase, providing service to more users. However, there are two issues arising when the cell size is reduced: mobility and interference [9] . Therefore, users in the cell edge experience frequent handover (HO), and thus the handover failure (HOF) rate also increase.
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The 3rd Generation Partnership Project (3GPP), telecommunications standardization body showed that the increase in the number of handover in small cell network compared to macro only networks can be 120%-140%, depending on the speed of the user equipment (UE) [7] . Consequently, to realize the potential coverage and capacity benefits with small cells, adequate mobility management is needed, and this has become a major technical challenge in HetNets.
The handover process is used to support the seamless mobility of the UEs. The HO process makes UEs in active mode to be transferred from the serving cell to the neighboring cell with the strongest received power, and the user is not aware, as shown in figure 1 . In conventional homogeneous cellular networks, typically same set of handover parameters are used in all over the networks. However, in HetNets, if the same set of parameters is used for all UEs and all the types of cells, there is a possibility to degrade the mobility performance [10] . The increase in the number of handovers will increase the control overhead and the switching load into the network that will eventually decrease the network performance. Maintaining low HOF rate is also important for better user experience. Therefore, it is essential to analyze the handover parameters and to enhance them for heterogeneous cellular networks. In this research, we proposed a novel handover method named EHoLM: Enhanced Handover for Low and Moderate speed UEs of LTE-Advanced and beyond heterogeneous cellular networks. In the EHoLM, we use control plane and data plane separation for the UEs, who are within the CoMP transmission and reception. The CoMP transmission reduce the inter-cell interference, hence signal quality of serving cell remains better than conventional transmission for the UE. Therefore, in the EHoLM handover, handover criteria will not satisfy until a UE moves from CoMP to no CoMP region of different eNB (evolved Node B) instead of the conventional handover criteria (A3 event). Simulation results also clearly shows that the EHoLM handover method reduces the number of handovers. The reduction of handover will improve the network performance as well as the reduction of handover failure rate will improve the user experience.
The rest of the paper is organized as follows. We discuss background and related works in section 2. In section 3, we briefly discuss about the handover procedure in the standardization process of LTE and LTE-A mobile networks. The EHoLM handover process is presented in section 4. In section 5, we present the simulation model of the EHoLM handover procedure. We use the discrete event system (DEVS) formalism to model the EHoLM. Simulation scenarios and assumptions are presented in section 6. In section 7, the simulation results are presented. Finally, we conclude with future works in the last section.
II. BACKGROUND AND RELATED WORKS
To improve the capacity of cellular networks, 3GPP considered a number of technologies including multiple inputs multiple outputs (MIMO), mm-wave communication and heterogeneous networks (HetNets) [2, 8, 11] in LTE-Advanced and beyond. Among the various techniques, heterogeneous networks have been adapted as key technology to provide services a massive number of users [5, 12, 13, 8, 14] . HetNets are comprised of different types of small cells with different capabilities. These include Remote Radio Head (RRH), Pico eNB (PeNB) and Home eNB (HeNB). These low power small cells can reduce the load of the macro cells and increase user coverage. However, deployment of these small cells can result in increased interference and mobility [9] . Coordinated multipoint (CoMP) and dual connectivity are two promising technologies to overcome these challenges [9, 13, 14, 15] .
Coordinated Multipoint (CoMP) transmission and reception is considered as an effective method to improve the user throughput, especially for cell edge users, by mitigating intercell interference (ICI) [16, 17, 12] . In CoMP enabled systems, the eNBs are grouped into cooperating clusters. The eNBs of each of these clusters exchange information with one another and jointly process signals. Furthermore, multiple User Equipments (UEs) can receive their signals simultaneously from one or more transmission points in a coordinated or jointprocessing manner [12, 18] . In [19] authors study the performance analysis of the CoMP joint processing (JP) transmission in HetNets scenarios. Geirhofer and Gaal in [20] discuss CoMP in different HetNets scenarios. They also analyze CoMP schemes and the deployment architectures as well as the benefits and drawbacks of them. In [17, 21] , we present dynamic coordinator based CoMP control architecture for reducing signaling overhead and feedback latency.
Dual connectivity as we stated earlier, is another promising technology to increase the user throughput as well as to achieve the mobility enhancement [9, 7, 15] . In dual connectivity, UEs can connect two or more eNBs simultaneously in control plane and data plane. 3GPP in [7] suggested three deployment scenarios for heterogeneous networks for further studies. Scenario 1: macro and small cells on the same carrier frequency and connected via non-ideal backhaul. Scenario 2: macro and small cells on different carrier frequency and connected via non-ideal backhaul. Scenario 3: all are small cells on one or more carrier frequencies and connected via non-ideal backhaul. In [9, 15] , the authors only considered the scenario 2 suggested by 3GPP in [7] . In our approach, we considered both scenario 1 and 2 suggested by 3GPP in [7] . In HetNets, we can categories the HO in four groups according to the types of cells: Macro to Macro handover (MMH), Macro to Pico handover (MPH), Pico to Macro handover (PMH) and Pico to Pico handover (PPH).
In [10] , authors presented a review of the handover process, and they identified technical challenges for mobility management in HetNets. 3GPP in [7, 22] discussed about the different deployment scenarios and challenges of small cell enhancements (HetNets). In [11, 23] , 3GPP discussed details of the handover process in mobile networks. In [9, 15] , the authors showed how dual connective could be a promising technology to achieve mobility enhancement.
In order to study this problem, we built a number of models, and simulated them using the CD++ toolkit, which implements DEVS and Cell-DEVS theory [24, 25] . We used this method because DEVS has proved to be a strong mechanism for formal modeling and simulation (M&S) of discrete event dynamic systems. DEVS models are hierarchical and modular, which allows the description of the multiple levels in our approach with ease, and enhances the reusability of a model. It reduces the computational time by reducing the number of calculations for a given accuracy. The same model could be extended with different DEVS based simulators, allowing for portability and interoperability at a high level of abstraction. Finally, the use of formal modeling techniques enables automated model verification [26] . Considering the advantages, we used DEVS to build a number of models to study the performance of the EHoLM handover process in heterogeneous cellular networks.
III. HANDOVER PROCESS IN LTE AND LTE-A
3GPP specifies a handover procedure and mechanism for LTE and LTE-Advanced mobile networks that supports user's mobility. In LTE-advanced cellular networks, UE-assisted network-controlled handovers are performed [11] . In UE-assisted network-controlled handovers, the serving eNB makes the decision to move from one cell to another based on the measurement report (MR) received from the UE. The handover procedure of 3GPP LTE and LTE-A is defined in [11, 27] .
A HO process, in general completes in five steps. 1: the UE measures the downlink signal strength periodically. 2: it processes the measurement. 3: it sends a measurement report (MR) to the serving eNB based on predefined HO criteria. 4: the serving eNB takes the handover decision based on the received MR. 5: the UE receives the handover command from the serving eNB and completes the handover process.
For modeling, the HO processing of an UE is also divided into 3 states [27] :  State 1: Before the handover criteria (A3 event) is satisfied.
 State 2:
After the handover criteria is satisfied but before the handover command is successfully received by the UE.
 State 3:
After the HO command is received by the UE, but before the HO process is completed successfully. Figure 2 shows the details states of the handover process. The UE calculates reference signal received power (RSRP) every 40ms and performs linear average over 5 successive RSRP samples based on the following formula [28, 29, 10] .
Where is the RSRP sample measured every 40 ms as mentioned before, n is the discrete time index of the RSRP sample and k is the delay index of the filter. As a result, the handover measurement period for an UE in layer 3 (L3) is 200ms. Once the L3 filtered RSRP of the target cell is higher than the RSRP of serving cell plus A3 offset or hysteresis margin, the UE starts TTT, the Time to Trigger Timer [10, 30] .
The handover process is performed mainly via the radio resource control (RRC) layer between UE and eNB in the control-plane. The simplified message sequence diagram of LTE and LTE-Advanced handover process is shown in figure 3 [31] . If the A3 event condition as shown in equation 2 is true throughout the TTT, the UE sends measurement report (MR) to the serving eNB once TTT expires. This MR kicks off the handover preparation phase. The serving eNB issues a handover request message to the target cell. This handover request carries out admission control procedure for the UE in target cell. After completing the admission control, target eNB sends a handover request Ack message to the serving eNB. When the serving eNB receives the handover request Ack, data forwarding from serving eNB to target eNB starts and the serving eNB sends a handover command (RRC Conn. Reconf) to the UE. UE then synchronizes with the target eNB and sends a handover complete message to the target eNB. As a result, intra eNB handover process of the UE is complete, and the target eNB becomes its serving eNB and starts transmitting data to the UE. The new serving eNB sends a path switch request to the serving gateway to inform the core network that it is the new serving eNB for the UE. The serving gateway or the network sends a modify bearer response message to the new serving eNB and switched the downlink data path from previous serving eNB to new serving eNB. Finally, new serving eNB sends message to the old serving eNB requesting to release the resource for the UE. 
IV. ENHANCED HANDOVER SCHEME FOR HETNETS
Despite the promising features of HetNets, they have introduced new challenge on mobility management and interference coordination as we mentioned earlier. The handover performance largely depends on the handover parameters such as Time to Trigger (TTT) and A3 offset [29, 10] . On the other hand, CoMP improves the performance of cell edge users by reducing the interference and serving the UE jointly [12, 31] . As a result, in CoMP, UEs receives better signal quality than in a conventional transmission. The performance of CoMP also depends on the CoMP threshold. The handover and CoMP both happen on the UEs in the cell edge region and both have their own parameters. Therefore, to achieve the better system performance we need to optimize the handover parameters when the UE served in CoMP cooperation. Now, consider an UE in the cell edge moving gradually from its serving eNB to a target eNB, and consider that CoMP has been established by more than one eNBs (including the serving and target eNBs) to serve the UE. If the A3 offset (3dB) [27] in the handover is less than the CoMP threshold (6dB) [32, 21] , there are some handovers that happened, although the UE is still in CoMP transmission. That is, the UE is handed over to another eNB, but it is still served by all the eNBs together. This is an avoidable handover, which degrades the performance of the networks. We want to take the advantage of CoMP, which provides a better signal strength to the cell edge UEs by reducing the ICI as well as dual connectivity that provides control plane and data plane separation for UEs. In EHoLM approach, the handover criteria will not be satisfied until a UE moves from a CoMP to no CoMP region of a different eNB, instead of the conventional handover criteria discussed in equation 2. That is, if an UE moves from a macro cell to a CoMP region, it will stay connected to the macro eNB (serving eNB) until it leaves CoMP and moves to a no CoMP region of another eNB. The EHoLM scheme is shown in figure  4 .
Fig. 4. EHoLM Handover Scheme
In this figure, dashed lines represent the control pane connectivity and solid lines represent the data plane connectivity. Initially, when the UE is in the no CoMP region of the macro eNB, it is connected to the macro eNB control and data planes. Gradually, when the UE moves to the CoMP region, it is served by more than one eNBs in data plane, but it remains connected to the serving eNB in the control plane. Finally, when it moves from the CoMP to the no CoMP region of the pico eNB, it is handed over to the pico eNB.
V. MODELING EHOLM
To study the handover procedure with decoupling the control plane and data plane and CoMP, we consider heterogeneous networks as suggested by 3GPP in [33, 27] . We designed a DEVS model to examine the performance of EHoLM in LTEAdvanced and beyond heterogeneous mobile networks. A simplified diagram of the structure of the model is shown in figure  5 . The numbers of PeNBs and UEs vary based on different scenarios. Each MeNB, PeNB and UE coupled model is composed of two atomic models named Buff and Proc. The UEProc calculates the RSRP based on the formula we discussed above. According to the handover criteria, UEProc generates the MR and sends it to the MeNB Buff or PeNB Buff through the output port (Out). The MeNB Buff acts as a buffer for the MeNB couple model. Once the MeNB receives a message, the MeNB Buff pushes it in a queue. The message is popped out from the queue and forwarded to the MeNBProc when a request is received from the processor. The MeNBProc takes the HO decision based on the MR it received from the UE and sends the HO request to the target eNB through the output port (X2Out).
VI. SIMULATION SCENARIOS AND ASSUMPTIONS
To study the potential of the EHoLM handover procedure, we considered the HetNet scenarios suggested in [33, 27] . Figure 6 shows the simplified network architectures of the simulation scenarios we used. The network in figure 6(a) has 1 macro cell and 24 Pico cells. Figure 6 (b) shows a HetNet with 19 macro cells and 72 pico cells as suggested by 3GPP [27] . The number of UEs varies, and they are distributed uniformly all over the simulation area. The UEs are considered initially connected to the eNBs with strongest received power and move at random directions over the simulation area.
In our simulation scenarios, cells are considered macro and pico cells in an urban area. The propagation model is considered, based on 3GPP standard in [33, 34] as follows:
Pico Cell: 147 +36.7log10(d)
Where d is the separation between UE and eNB. We ran a series of simulations on both EHoLM and the conventional handover model, based on the initial conditions summarized in table 1. We have chosen our simulation parameters based on the 3GPP specifications and different literatures [33, 7, 21, 32, 35, 36] . The UE calculates the RSRP every 40 ms, and based on the handover criteria, it generates an MR message that is sent to the serving eNB. We simulated EHoLM and the conventional handover process as mentioned in the previous section using different scenarios. The simulation results are discussed in the following section.
VII. SIMULATION RESULTS
In order to be able to analyze the potential of the proposed handover procedure over conventional handover procedure, we have simulated both the proposed and the conventional handover process as mentioned in the previous section. We considered different simulation scenarios with varying numbers of PeNBs and users. The initial simulation assumptions are shown in table 1. We run multiple simulations for each of the scenarios and the simulation results are presented by considering a margin of error for 95% confidence interval. Figure 7 shows a comparison between the conventional and EHoLM with respect to the frequency of handover as a function of number of UEs. In this case, we considered one macro cell with 24 pico cells as shown in figure 6 (a) and different set of UEs (25, 50, 100 and 200) . The speed of the UEs is considered 3km/h and the UEs move at random over the coverage area. The simulation time for all the four sets of UEs is the same. In 7(a), both the conventional and EHoLM handover procedure use the same carrier frequency of 2000 MHz for macro and pico eNBs as suggested in [7] for HetNet scenario 1. In 7(b), we use the same carrier frequency 2000 MHz for macro and pico eNBs in the conventional approach, but carrier frequencies of 2000 and 3500 MHz for EHoLM. In 7(c), both conventional and EHoLM use different carrier frequency 2000 MHz and 3500 MHz for macro and pico eNBs respectively as suggested by 3GPP in [7] for HetNet scenario 2. All the three cases show that EHoLM reduces the number of handovers significantly. [7] . In 8(b), both the conventional approach and EHoLM use different carrier frequencies of 2000 and 3500 MHz for macro and pico eNBs respectively as suggested by 3GPP for HetNet scenario 2 [7] . In 8(c), we use the same carrier frequency of 2000 MHz for macro and pico eNBs in the conventional approach but carrier frequencies of 2000MHz and 3500MHz in EHoLM. All the three cases with different UE speed show the EHoLM handover procedure reduces the handover significantly. Figure 9 shows the number of handovers required for each of the UE in EHoLM and the conventional handover approach. In this case, we also used 19 macro cells, 72 Pico cells and 200 UEs. The blue triangles and the orange circles represent the same UEs in conventional and EHoML approaches respectively. The same UE shifted its position in the graph based on the number of handovers in two different approaches. If we look at the trend lines, it shows that EHoLM reduces about 50% of handovers than the conventional approach.
According to the simulation results, shown in Figures 7, 8  and 9 we can see that EHoLM has the potential to reduce the number of handovers, which is one of the main performance metrics for evaluating the handover process in heterogeneous cellular networks. The reduction of handover will reduce the signaling overhead and switching load within the cellular network. The signaling overhead is directly impacts to the system performance. Therefore, EHoLM could improve the performance of cellular networks and user experience.
VIII. CONCLUSION AND FUTURE WORK
The main goal of this research is to improve the UE mobility so that network performance could be increase and users get better experience. EHoLM is tested in different heterogeneous scenarios as mentioned in the previous sections of the paper. We have also showed that this approach reduces the number of handover compared to the conventional approach. The reduction of the number of handovers reduces the control overhead within the network. In addition, the reduction of the handover failure improves the users' experience. Therefore, EHoLM has the potential to improve the overall performance of cellular networks. A possibility to expand this work is to study how it affects the handover oscillation in small cells. It could be further expanded to examine the power consumption of the UEs, power consumption of a devices also depends on the message transmission. In the EHoLM handover process, UEs need to transmit less MR than with a conventional approach, having the potential to improve energy efficiency. The energy efficiency is another goal of the next generation cellular networks.
